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Bacillus thuringiensis %W %HUOLQHU LV D
JUDPSRVLWLYH VRLO EDFWHULXP RULJLQDOO\ GHVFULEHG
DV DQ LQVHFW SDWKRJHQ DJDLQVW /HSLGRSWHUD
'LSWHUD DQG &ROHRSWHUD ,QVROXEOH FU\VWDOOLQH
LQFOXVLRQ ERGLHV RI %W VSRUHV FRQWDLQ WKUHH
GRPDLQ WR[LQ SURWHLQV FDOOHG &U\ WR[LQV 7R[LFLW\
RFFXUV E\ LQVHUWLRQ RI ROLJRPHUL]HG WR[LQ LQWR
PLGJXW HSLWKHOLDO PHPEUDQHV UHVXOWLQJ LQ
IRUPDWLRQ RI SRUH FKDQQHOV FDXVLQJ RVPRWLF
LPEDODQFH DQG VHSVLV 6FKQHSI HW DO 
6XVFHSWLELOLW\ RI /HSLGRSWHUD WR WUDQVJHQLF B.
thuringiensis FU\VWDOOLQH &U\ WR[LQV KDV EHHQ
VKRZQ WR RFFXU YLD LQWHUDFWLRQ ZLWK PLGJXW
UHFHSWRUV &U\ WR[LQV PD\ ELQG H[WUDFHOODU
GRPDLQV RI FDGKHULQ 9DGODPXGL HW DO 
)UDQFLV 	 %XOOD  DPLQRSHSWLGDVH 1 $31
.QLJKW HW DO  RU DONDOLQH SKRVSKDWDVH
UHFHSWRUV -XUDW)XHQWHV HW DO 
)XUWKHUPRUH FDUERK\GUDWH PRGLILFDWLRQV WR
SHSWLGH UHFHSWRUV ZHUH VKRZQ WR HQKDQFH
WR[LQUHFHSWRU LQWHUDFWLRQV .QRZOHV HW DO 
0DVVRQ HW DO  VXJJHVWLQJ WKDW JO\FRV\ODWLRQ
PD\ EH FRPPRQ DPRQJ PLGJXW UHFHSWRUV
*ULIILWWV HW DO  Caenorhabditis elegans %W
UHVLVWDQW bre PXWDQWV HYDGHG PHPEUDQH SRUH
IRUPDWLRQ ZKHQ H[SRVHG WR &U\% DQG &U\$
WR[LQV 0DURTXLQ HW DO  *ULIILWWV HW DO
 DQG D SXWDWLYH ơJDODFWRV\OWUDQVIHUDVH
IDPLO\  PHPEHU E*DO7 JHQH ZDV FRUUHODWHG
ZLWK UHVLVWDQFH IRU WKH PXWDQW EUH *ULIILWWV HW DO
 %UH HVWDEOLVKHG WKH WKHRU\ WKDW
JO\FRV\ODWLRQ SDWKZD\V WKDW PRGLI\ PLGJXW
SHSWLGH UHFHSWRUV FDQ EH D PHFKDQLVP RI
UHVLVWDQFHWR&U\WR[LQV
)HHGLQJ E\ ODUYDO VWDJH (XURSHDQ FRUQ ERUHU
Ostrinia nubilalis +EQHU /HSLGRSWHUD
&UDPELGDH FDXVHV HFRQRPLF ORVV YLD \LHOG
GHFUHDVH WR FXOWLYDWHG FRUQ 0DVRQ HW DO 
&URS LQMXU\ FDXVHG E\ O. nubilalis KDV EHHQ
UHGXFHG E\ WUDQVJHQLF PDL]H K\EULGV H[SUHVVLQJ
&U\$E WR[LQV .R]LHO HW DO  ,Q   RI
8QLWHG 6WDWHV FRUQ DFUHDJH ZDV SODQWHG ZLWK
FRPPHUFLDO K\EULGV H[SUHVVLQJ &U\$E WR[LQV
86'$(56  ,I JHQHWLF YDULDQFH IRU
UHVLVWDQFH WR &U\$E ZHUH SUHVHQW LQ ZLOG
SRSXODWLRQV RI O. nubilalis KLJK DGRSWLRQ UDWHV RI
%W FRUQ PD\ QRW RQO\ UHVXOW LQ D KLJK VHOHFWLRQ
SUHVVXUH IRU UHVLVWDQFH EXW DOVR LQFUHDVH SRWHQWLDO
IRU O. nubilalis SRSXODWLRQV WR UHVSRQG WR WKH
VHOHFWLRQ )DLOXUH RI WUDQVJHQLF FURSV GXH WR LQVHFW
UHVLVWDQFH KDV QRW EHHQ REVHUYHG LQ WKH ILHOG EXW
YDU\LQJ OHYHOV RI UHVLVWDQFH OHYHOV RI UHVLVWDQFH
ZHUH VHOHFWHG IRU LQ ODERUDWRU\ FRORQLHV %ROLQ HW
DO &KDXIDX[HWDO $OYHVHWDO
7KH O. nubilalis PLGJXW H[SUHVVHV D N'D
FDGKHULQOLNH SURWHLQ DQG  DQG N'D
DPLQRSHSWLGDVH $31 LVRIRUPV WKDW ELQG &U\$E
+XD HW DO  $ IXOOOHQJWK FDGKHULQ F'1$
IURP O. nubilalis ZDV VKRZQ WR KDYH SXWDWLYH
1JO\FRV\ODWLRQ VLWHV &RDWHV HW DO  DQG ZDV
LGHQWLILHG DV D PDMRU PLGJXW UHFHSWRU )ODQDJDQ HW
DO  5HGXFHG WU\SVLQ WUDQVFULSW 7 OHYHOV
ZHUH DVVRFLDWHG ZLWK O. nubilalis .66& FRORQ\
UHVLVWDQFH WR QDWLYH WR[LQV SUHVHQW LQ 'LSHO %W
IRUPXODWLRQV EXW GLG QRW VKRZ GHFUHDVHG
VXVFHSWLELOLW\ WR WUXQFDWHG &U\$E WR[LQV
H[SUHVVHG E\ WUDQVJHQLF PDL]H /L HW DO 
&U\ WR[LQ UHVLVWDQFH KDV RFFXUUHG GXH WR
PXWDWLRQV LQ DPLQRSHSWLGDVH 1  LQ Spodoptera
exigua +HUUHUR HW DO  DQG LQ FDGKHULQ LQ
Heliothis virescens *DKDQ HW DO  DQG
Pectinophora gossypiella 0RULQ HW DO 
0ROHFXODU WRROV IRU PRQLWRULQJ O. nubilalis
FDGKHULQ &RDWHV HW DO  DQG VHULQH SURWHDVH
JHQHV &RDWHV HW DO  ZHUH GHYHORSHG DQG
DVVHVVHG LQ SHGLJUHHV +HUHLQ ZH UHSRUW WKH XVH RI
PROHFXODU PDUNHUV IRU O. nubilalis
DPLQRSHSWLGDVH 1  2Q$31 2Q%UH
2QE*DO7 DQG FDGKHULQ 2Q&DG JHQHV WR
DVVHVV WKH UHODWLRQVKLS EHWZHHQ VHJUHJDWLRQ RI WKH
FDQGLGDWHJHQH PDUNHUV DQG &U\$EUHVLVWDQFH
SKHQRW\SHV ZLWKLQ ) SURJHQ\ RULJLQDWLQJ IURP
UHVLVWDQW IHPDOH E\ VXVFHSWLEOH PDOH FURVVHV
&U\$E5 ᨳ é&U\$E6 ᨵ
Materials and Methods
Pedigrees and measurement of Cry1Ab
resistance traits
$ ILHOGFROOHFWHG FRORQ\ RI O. nubilalis ZDV
H[SRVHG WR ODERUDWRU\ VHOHFWLRQ IRU UHVLVWDQFH WR
&U\$E VLQFH  !  JHQHUDWLRQV DW
86'$$56 &RUQ ,QVHFWV DQG &URS *HQHWLFV
5HVHDUFK 8QLW &,&*58 $PHV ,$ 5HVLVWDQFH
UDWLRV ZHUH PHDVXUHG E\ FRPSDULQJ GRVH
UHVSRQVH RI WKH &U\$EUHVLVWDQW FRORQ\
&U\$E5 DQG LWV SDUHQWDO FRQWURO FRORQ\
&U\$E6 DW WKHLU UHVSHFWLYH /' YDOXHV
'RVHUHVSRQVH VWXGLHV DQG &U\$E ELRDVVD\V
HPSOR\HG LQ WKH FXUUHQW VWXG\ XVH WKH VXUIDFH
RYHUOD\ PHWKRG GHYHORSHG E\ 0DUoRQ HW DO
 ,Q WKLV PHWKRG VROXWLRQV RI WU\SVLQL]HG
&U\$E WR[LQV DUH DSSOLHG WR VXUIDFHV RI DQ
DUWLILFLDO GLHW WKDW DEVRUEV WKH WR[LQ 'RVHV RI
&U\$E XVHG LQ WKLV VWXG\ DUH UHSRUWHG LQ XQLWV RI
VXUIDFH DUHD QJ FPï DV GLIILFXOWLHV LQ DVVHVVLQJ
HTXLYDOHQW GRVHV UHVXOW ZKHQ GLUHFW FRPSDULVRQV
DUH PDGH WR YROXPHWLF XQLWV FPï XVHG E\
*DKDQ HW DO  'XULQJ WKH FXUUHQW VWXG\ WKH
/' YDOXH RI WKH &U\$E6 FRORQ\ ZDV  QJ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
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&U\$E6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&U\$E5FRORQLHVDIWHUGD\VIHHGLQJRQQJ&U\$EWR[LQFPï
FPï FRPSDUHG WR !  QJ FPï IRU WKH
&U\$E5 FRORQ\ WKXV HVWLPDWLQJ D UHVLVWDQFH UDWLR
RI ! IROG 2WKHU &U\$E UHVLVWDQW O.
nubilalis FRORQLHV DUH UHSRUWHG WR KDYH UHVLVWDQFH
UDWLRV RI  WR IROG $OYHV HW DO 
$OYHV HW DO  DOVR DVVHVVHG UHVLVWDQFH YLD
WKH VXUIDFH RYHUOD\ PHWKRG DQG IRXQG /'
YDOXHV RI  WR  QJ FPï &U\$E5 ODUYDH
FDQ FRPSOHWH GHYHORSPHQW RQ IUHH]HGULHG
ZKRUOVWDJH FRUQ WLVVXH FRQWDLQLQJ &U\$E DQG
DOVR VXUYLYH RQ UHSURGXFWLYH VWDJH FRUQ H[SUHVVLQJ
&U\$E 6XPHUIRUG SHUVRQDO REVHUYDWLRQ ,Q
FRPSDULVRQ P. gossypiella UHVLVWDQW VWUDLQV
$=35 DQG $3+,65 VXUYLYH RQ &U\$F WR[LQ
FRQFHQWUDWLRQV !  ƫJJ ï 7DEDVKQLN HW DO
 DQG H. virescens &U\$F UHVLVWDQW VWUDLQV
KDYH DQ /& RI  ƫJP O ï RI GLHW *RXOG HW DO
 *RXOG HW DO  'LUHFW FRPSDVVLRQ
EHWZHHQ ƫJ WR[LQ FPï DQG ƫJ WR[LQ POï RI GLHW LV
GLIILFXOW EXW DW  ƫJF P ï &U\$E5 PD\ EH
FRQVLGHUHG WR VKRZ KLJK OHYHOV RI UHVLVWDQFH WR
&U\$EWR[LQ
,Q RUGHU WR UHFRYHU ODUYDH ZLWK VXVFHSWLEOH
SKHQRW\SHV IRU '1$ H[WUDFWLRQ D VXEOHWKDO
ELRDVVD\ ZDV XVHG DV GHVFULEHG LQ RWKHU PDSSLQJ
VWXGLHV LQYROYLQJ %WUHVLVWDQW FRORQLHV +HFNHO HW
DO  *DKDQ HW DO  /DUYDO GHYHORSPHQW
RI &U\$E5 LQGLYLGXDOV LV OHVV GHOD\HG RQ VXEOHWKDO
GRVHV RI &U\$E WR[LQ FRPSDUHG WR &U\$E6$ WD
GRVH RI  DQG  QJ FPï &U\$E5 LQGLYLGXDOV
GHYHORS WR UG LQVWDU ZKHUHDV GHYHORSPHQW RI
&U\$E6 ODUYDH LV GHOD\HG )LJXUH  'HYHORSPHQW
GLIIHUHQFHV PHDVXUHG DV ORJWUDQVIRUPHG
ZHLJKWV PJ DQG  DQG  QJ FPï GRVHV
SURYLGH D TXDQWLWDWLYH PHDVXUH RI &U\$E
UHVLVWDQFH DQG UHFRYHU\ RI VXVFHSWLEOH LQGLYLGXDOV
IRU VXEVHTXHQW JHQHWLF DQDO\VLV 7ZR O. nubilalis
) IDPLOLHV )DP DQG )DP ZHUH HVWDEOLVKHG YLD
SDLUHG PDWLQJV RI D IHPDOH IURP WKH &U\$E5
FRORQ\ ZLWK D &U\$EVXVFHSWLEOH PDOH IURP WKH
&,&*58 FRORQ\ &U\$E6 7ZR PDWLQJV RI
IXOOVLE ) SDLUV ZHUH PDGH IURP HDFK IDPLO\ IRU D
WRWDO RI IRXU ) IDPLOLHV )DP ± )DP ±
)DP ± DQG )DP ± ) QHRQDWHV IURP HDFK
IDPLO\ ZHUH IHG RQH RI WKH &U\$ERYHUOD\ GLHWV 
DQG  QJ FPï  ±  ODUYDH SHU IDPLO\ RU
FRQWURO RYHUOD\  ODUYDH IRU  GD\V DIWHU ZKLFK
ODUYDO ZHLJKWV ZHUH PHDVXUHG $OO ODUYDH ZHUH
WUDQVIHUUHG WR DUWLILFLDO FRQWURO GLHW UHDUHG WR
DGXOWVDQGWKHQIUR]HQDWï&
Genotyping assays
*HQRPLF '1$ ZDV LVRODWHG IURP SDUHQWDO ) DQG
) DGXOW O. nubilalis WKRUD[ WLVVXH XVLQJ '1$HDV\
LVRODWLRQ NLW 4LDJHQ ZZZTLDJHQFRP DFFRUGLQJ
WR PDQXIDFWXUHU GLUHFWLRQV 2Q$31 2Q%UH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
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9RO_$UWLFOH Table 1$31EUH2Q%*DO7FDGKHULQSULPHUVXVHGLQJHQRW\SLQJRI Ostrinia nubilalis SHGLJUHHV
Name Sequenced PCR annealing temperature GenBank number
2Q$31) ᓉ&*7*7**&&$$7$7&*7*7&ᓉ & ()
2Q$315 ᓉ$$*$7*&$&*&7&&7&77*&ᓉ
2QE*DO7) ᓉ&*7*$&$$7*$7*7&*77&$$ᓉ & $<
2QE*DO75 ᓉ7*&7*&**&$&7$$*&&&$&ᓉ
2Q&DG)(3,& ᓉ&7*&&*&$$*&$*$$*$&&7ᓉ & '4
2Q&DG5(3,& ᓉ$7*$&*77*&77*$&7**7&ᓉ
2Q&DG)(3,& ᓉ$7&*$&7***$&7&&$&&7*ᓉ & '4
2Q&DG5(3,& ᓉ$$*&$7&7&*$$77&&7&*$$ᓉ
2QE*DO7 DQG 2Q&DG JHQH IUDJPHQWV ZHUH
3&5 DPSOLILHG XVLQJ  P0 0J&O ƫ0
G173V  SPRO HDFK RI SULPHU 7DEOH  DQG
 8 7DT '1$ SRO\PHUDVH 3URPHJD
ZZZSURPHJDFRP DQG  QJ RI '1$ WHPSODWH
LQ D  ƫO UHDFWLRQ 37& WKHUPRF\FOHU
FRQGLWLRQV XVHG  & IRU  P IROORZHG E\ 
F\FOHV RI  & IRU  V  V DQQHDOLQJ 7DEOH 
DQG  & IRU  P ,QGLYLGXDO GLJHVW UHDFWLRQV
LQFOXGHG  ƫOR IO. nubilalis %UH 2QE*DO7
RU $31 3&5 SURGXFW  ƫO [ EXIIHU  PJƫO
%6$ DQG  8 RI 0VS, 2QE*DOW RU 5VD,
2Q$31 LQ  ƫO DQG ZHUH LQFXEDWHG DW  &
IRU  WR  K 2Q&DG 3&5 SURGXFWV 2Q&DG DQG
2Q&DG 7DEOH  FRPSULVH IUDJPHQWV WKDW
DPSOLI\ DFURVV LQWURQV DQG ERWK VKRZ OHQJWK
YDULDWLRQV WKDW ZHUH XVHG IRU DOOHOH LGHQWLILFDWLRQ
(QWLUH YROXPHV RI DOO UHDFWLRQV ZHUH ORDGHG RQWR
 FP  DJDURVH JHOV FRQWDLQLQJ  ƫJPO
HWKLGLXP EURPLGH DQG VHSDUDWHG DW  9 IRU  K
'LJLWDO LPDJHV ZHUH WDNHQ XQGHU 89 LOOXPLQDWLRQ
RQ D %LR5DG &KHPL'RF 6\VWHP %LR5DG
+HUFXOHV&$
Data analysis
) IDPLOLHV ZHUH XVHG WR GHWHUPLQH LI 2Q$31
2Q%UH 2QE*DO7 RU 2Q&DG JHQRW\SHV
H[KLELWHG 0HQGHOLDQ LQKHULWDQFH DQG DOVR WR
GHWHUPLQH LI WKHLU VHJUHJDWLRQ ZDV UHODWHG WR ODUYDO
GHYHORSPHQW RQ VXEOHWKDO &U\$E GLHWV
5HSOLFDWHG JRRGQHVVRIILW WHVWV 6RNDO DQG 5RKOI
 ZHUH XVHG WR GHWHUPLQH LI JHQRW\SH
IUHTXHQFLHV ZHUH LQKHULWHG LQ  UDWLR
0HQGHOLDQ H[SHFWDWLRQ DW HDFK ORFXV 7KH
UHSOLFDWHG JRRGQHVVRI ILW WHVWV SURGXFH VHYHUDO *
VWDWLVWLFV *+ WHVWV ZKHWKHU WKH IUHTXHQFLHV RI
JHQRW\SH DUH KRPRJHQHRXV DFURVV DOO ) IDPLOLHV
7KH SRROHG* VWDWLVWLF *3RROHG WHVWV ZKHWKHU WKH
JHQRW\SHV SRROHG DFURVV DOO ) IDPLOLHV ILW D 
0HQGHODLQ H[SHFWDWLRQ )LQDOO\ WKH WRWDO *
*7RWDO VWDWLVWLF PHDVXUHV ZKHWKHU WKH GDWD DV D
ZKROH ILW 0HQGHOLDQ H[SHFWDWLRQV $QDO\VHV ZHUH
SHUIRUPHG VHSDUDWHO\ IRU JHQRW\SLF GDWD IURP
FRQWURODQG&U\$EGLHWV
0DUNHU UHJUHVVLRQV ZHUH XVHG WR WHVW WKH QXOO
K\SRWKHVLV RI QR UHODWLRQVKLS DPRQJ WKH
VHJUHJDWLRQ RI UHVLVWDQFH SKHQRW\SHV ORJ
ZHLJKW RI ODUYDH IHHGLQJ RQ &U\$E RYHUOD\ ZLWK
2Q$31 2Q%UH 2QE*DO7 DQG 2Q&DG DQG
JHQRW\SHV   RU  FRSLHV RI WKH DOOHOH
RULJLQDWLQJ IURP WKH &U\$E5 JUDQGPRWKHU 7DEOH
 ZLWKLQ ) IDPLOLHV 5HJUHVVLRQV ZHUH SHUIRUPHG
XVLQJ WKH 0,;(' SURFHGXUH RI 6$6 Y  YLD
UHVWULFWHGPD[LPXPOLNHOLKRRG PHWKRGV /LWWHOO
HW DO  *HQRW\SH IRU HDFK PDUNHU ZDV WKH
RQO\ IL[HG HIIHFW HQWHUHG LQWR WKH PRGHO ) IDPLO\
EORFN QHVWHG ZLWKLQ DQ ) IDPLO\ DQG ODUYDH
Table 2$31EUH2QE*DO7DQGFDGKHULQDOOHOHVREVHUYHGLQSHGLJUHHV)DP±DQG±DQG)DP±
DQG)DP± Ostrinia nubilalis $31 RsaI 3&55)/3DOOHOHV$ESDQG$DQGESEUH
2QE*DO7 MspI 3&55)/3DOOHOHV0DQGESDQG0DQGES,QLWLDO
SDUHQWDOFURVVZHUHEHWZHHQ&U\$E5 IHPDOH[&U\$E6 PDOH
Parental genotypes
Pedigree OnAPN1 Onb3GalT5 OnCad5 OnCad6
)DP) PDOH 13 00  
) IHPDOH 13 00  
)DP±)PDOH 13 00  1$
) IHPDOH 13 00  1$
)DP±) PDOH 13 00  1$
) IHPDOH 13 00  1$
)DP) PDOH $$ 00  
) IHPDOH $$ 00  
)DP±)PDOH $$ 00 1$ 
) IHPDOH $$ 00 1$ 
)DP±) PDOH $$ 00 1$ 
) IHPDOH $$ 00 1$ 
13 QRSRO\PRUSKLVP
1$ QRWDQDO\]HG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH QHVWHG ZLWK D EORFN ³5HVLGXDO´ HUURU ZHUH
FRQVLGHUHG UDQGRP VRXUFHV RI YDULDQFH LQ WKHLU
DIIHFWV RQ ODUYDO ORJ ZHLJKW 7KH UHODWLRQVKLS
EHWZHHQ PDUNHU JHQRW\SHV DQG ORJ ZHLJKW ZDV
FRQVLGHUHGVLJQLILFDQWLI P 
Results and Discussion
Mendelian inheritance and larval weights
on Cry1Ab diet overlays
)RXU ) SHGLJUHHV )DP± DQG ± DQG
)DP± DQG )DP± ZHUH GHULYHG IURP WZR
LQLWLDO &U\$E5 ᨳ é &U\$E6 ᨵ SDUHQWDO FURVVHV
)DP DQG )DP 7KH ) SDUHQWV ZHUH
JHQRW\SHG XVLQJ 2Q$31 2Q%UH 2QE*DO7
DQG 2Q&DG DVVD\V 7DEOH  7KH 2Q$31 5VD,
3&55)/3 PDUNHU GLIIHUHQWLDWHG SDUHQWV IURP
)DP EXW QR SRO\PRUSKLVP ZDV VKRZQ EHWZHHQ
)DP SDUHQWV $OO &U\$E5 IHPDOH SDUHQWV ZHUH
KRPR]\JRXV IRU WKH 0 DOOHOH DW WKH 2Q%UH
2QE*DO7 ORFXV DQG VLQFH DOO &U\$E6 PDOH
SDUHQWV ZHUH KHWHUR]\JRXV 00 VKDULQJ WKH
0 0VS, 613 DOOHOH REVHUYHG LQ WKH &U\$E5
FRORQ\ DOO VXEVHTXHQW IXOOVLE FURVVHV ZHUH
VFUHHQHG LQ RUGHU WR VHOHFW RQO\ 00 E\ 00
IRU ) PDWLQJV +HWHUR]\JRXV 00 ) SDUHQWV
LQ )DP± ± ± DQG ± DOORZHG
GHWHUPLQDWLRQ WKDW WKH 0 DOOHOH ZDV LQKHULWHG
IURP WKH &U\$E5 ) IHPDOH SDUHQW 7ZR FDGKHULQ
JHQH PDUNHUV 2Q&DG DQG 2Q&DG
GLIIHUHQWLDWHG SDUHQWV IURP )DP DQG )DP
UHVSHFWLYHO\7DEOH
)LGHOLW\ RI DOOHOH LQKHULWDQFH LV FULWLFDO LQ SHGLJUHH
DQDO\VLV 3HPEHUWRQ HW DO  $QDO\VLV VKRZHG
WKDW JHQRW\SLF UDWLR RI ) LQGLYLGXDOV IURP
)DP± ± ± DQG ± IHG FRQWURO GLHW
GLG QRW GHYLDWH IURP SUHGLFWHG  0HQGHOLDQ
H[SHFWDWLRQV ) IDPLOLHV ZHUH KRPRJHQHRXV IRU
REVHUYHG IUHTXHQFLHV RI 2Q$31 *+    GI  
 3   2Q%UH 2QE*DO7 *+   
GI    3   DQG 2Q&DG JHQRW\SHV *+  
 GI    3   3RROHG JHQRW\SH
IUHTXHQFLHV DOVR ILW  0HQGHOLDQ H[SHFWDWLRQV
IRU 2Q$31 *3RRO    GI    3  
2Q%UH *3RRO    GI    3   DQG
2Q&DG *3RRO    GI    3   ,Q
DGGLWLRQ WKH WRWDO *VWDWLVWLF LQGLFDWHG WKDW DOO
IDPLOLHV ZHUH KRPRJHQHRXV IRU 0HQGHOLDQ
H[SHFWDWLRQ RI JHQRW\SLF IUHTXHQFLHV IRU 2Q$31
*7RWDO    GI    3   2Q%UH
*7RWDO    GI    3   DQG 2Q&DG
*7RWDO    GI    3  0HQGHOLDQ
LQKHULWDQFH RI 2Q$31 5VD, 3&55)/3 2Q%UH
2QE*DO7 0VS, 3&55)/3 DQG ERWK FDGKHULQ
PDUNHUV DPRQJ ) SURJHQ\ IHG RQ FRQWURO GLHW
VXJJHVWV WKHLU DSSURSULDWH XVH LQ SRSXODWLRQ
JHQHWLFDQGPDSSLQJH[SHULPHQWV
6LPLODU FRQFOXVLRQV ZHUH GUDZQ IURP JHQRW\SLF
GDWD DQDO\]HG IURP ) ODUYDH H[SRVHG WR VXEOHWKDO
GRVHV RI &U\$E 7KH O. nubilalis ) IDPLOLHV ZHUH
KRPRJHQHRXV IRU REVHUYHG IUHTXHQFLHV RI
2Q$31 *+    GI    3   2Q%UH
2QE*DO7 *+    GI    3   DQG
2Q&DG JHQRW\SHV *+    GI    3  
3RROHG JHQRW\SH IUHTXHQFLHV DOVR ILW 
0HQGHOLDQ H[SHFWDWLRQV IRU 2Q$31 *3RRO  
 GI    3   2Q%UH *3RRO    GI
   3   DQG 2Q&DG *3RRO    GI   
3   ,Q DGGLWLRQ WKH WRWDO *VWDWLVWLF
LQGLFDWHV WKDW DOO IDPLOLHV ZHUH KRPRJHQHRXV IRU
0HQGHOLDQ H[SHFWDWLRQ RI JHQRW\SLF IUHTXHQFLHV
IRU 2Q$31 *7RWDO    GI    3  
2Q%UH *7RWDO    GI    3   DQG
2Q&DG *7RWDO    GI    3  
0HQGHOLDQ UDWLR RI ) SURJHQ\ DIWHU &U\$E
ELRDVVD\V LQGLFDWHG WKDW JHQRW\SHV ZHUH UDQGRPO\
SUHVHQW DPRQJ ODUYDH DIWHU ELRDVVD\ QR
JHQRW\SHV ZHUH SUHIHUHQWLDOO\ FXOOHG IURP
VXUYLYRUV DQG WKDW VXEVHTXHQW UHJUHVVLRQ
DQDO\VLVZRXOGEHYDOLG
Segregation of marker and resistance
phenotype analysis
5HJUHVVLRQ DQDO\VLV ZDV XVHG WR DVVHVV LI
VHJUHJDWLRQ RI 2Q$31 5VD, 3&55)/3 2Q%UH
2QE*DO7 0VS, 3&55)/3 RU 2Q&DG DOOHOHV
GHULYHG IURP WKH &U\$E5 IHPDOH SDUHQW H[SODLQ
WKH VHJUHJDWLRQ RI ORJ ZHLJKWV IRU ) ODUYDH
IHHGLQJ RQ &U\$E GLHWV %HFDXVH WZR ) IDPLOLHV
ZHUH H[SRVHG WR WZR &U\$E GRVHV  DQG 
QJFP ZH H[DPLQHG YDULDQFH DWWULEXWHG WR )
IDPLO\ LQ WKH PRGHO WR GHWHUPLQH LI ORJ ZHLJKWV
FRXOG EH FRPELQHG IURP ERWK GLHWV LQWR RQH
DQDO\VLV ([DPLQDWLRQ RI YDULDQFH FRPSRQHQWV IRU
WKH UDQGRP HIIHFWV LQ WKH PRGHO VXSSRUWHG WKH
SRROLQJ RI GDWD DFURVV GRVHV SHUFHQWDJHV RI WKH
WRWDO YDULDQFH IRU IDPLO\ DQG UHSOLFDWHV ZLWKLQ D
IDPLO\ZHUHDQGUHVSHFWLYHO\
7ZRZD\ PDUNHU UHJUHVVLRQV ZHUH SHUIRUPHG WR
H[DPLQH WKH UHODWLRQVKLS EHWZHHQ WKH VHJUHJDWLRQ
RI 2Q%UH 2QE*DO7 0VS, 3&55)/3 DQG
2Q&DG DOOHOHV IRU )DP ± DQG ± 7KH
2Q%UH [ 2Q&DG UHVXOWV VXJJHVWHG WKDW QR
VLJQLILFDQW JHQH LQWHUDFWLRQV ZHUH SUHVHQW )  
 3   GI     DQG QR VLQJOH JHQH
HIIHFWV ZHUH SUHVHQW IRU 2Q%UH )    3 
 GI     RU 2Q&DG )    3 
 GI     6LPLODU UHVXOWV ZHUH IRXQG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 35HJUHVVLRQDQDO\VLVWHVWLQJIRUVLJQLILFDQWDQGZD\LQWHUDFWLRQRIJHQHV2Q$312Q%UH
2QE*DO7DQG2Q&DGRUFRSLHVRIWKHDOOHOHGHULYHGZLWKLQWKH&U\$E5 FRORQ\ZLWK) ODUYDOORJ
ZHLJKWVIURP)DP±DQG±ZKHQIHGRQGLHWFRQWDLQLQJDQGQJ&U\$EFPï
Fixed effects and gene interaction(s)
Interaction Num d.f. Den d.f. F value P-value
2Q$31    
2Q%UH    
2Q&DG    
2Q$31[2Q%UH    
2Q$31[2Q&DG    
2Q%UH[2Q&DG    
2Q$31[2Q%UH[2Q&DG    
IURP D ZD\ UHJUHVVLRQ DQDO\VLV RI )DP± DQG
)DP± IRU 2Q$31 5VD,,, 3&55)/3 2Q%UH
2QE*DO7 0VS, 3&55)/3 2Q&DG DOOHOH IRU
FRVHJUHJDWLRQ ZLWK ) &U\$E UHVLVWDQFH WUDLWV
7DEOH
0XWDWLRQ RI D VLQJOH JHQH SURGXFW KDV JLYHQ ULVH WR
&U\ WR[LQ UHVLVWDQFH WUDLWV *DKDQ HW DO 
5DMDJRSDO HW DO  +HUUHUR HW DO 
$GGLWLRQDOO\ LW ZDV VKRZQ WKDW LQGHSHQGHQW
PHFKDQLVPV PLJKW HYROYH IRU UHVLVWDQFH WR
GLIIHUHQW &U\ WR[LQV -XUDW)XHQWHV HW DO 
VXJJHVWLQJ LQYROYHPHQW RI PXOWLSOH PLGJXW
UHFHSWRUV DPLQRSHSWLGDVH LVRIRUPV FDGKHULQ
DQG DONDOLQH SKRVSKDWDVH SHSWLGH DQG OLSLG
PRGLILHUV EUH KRPRORJV RU VHULQH SURWHDVHV LQ
WKH VSHFWUXP RI UHVLVWDQFH WUDLWV %W UHVLVWDQFH
PD\ KDYH GHYHORSHG E\ PRUHWKDQRQH
LQGHSHQGHQW PHFKDQLVP LQ 2 QXELODOLV
5HVLVWDQFH WR QDWLYH %W WR[LQV LQ 'LSHO
IRUPXODWLRQV ZDV VKRZQ WR UHVXOW IURP GHFUHDVHG
H[SUHVVLRQ RI DQ O. nubilalis WU\SVLQ WUDQVFULSW
7 /L HW DO  ,Q FRQWUDVW 6LTXHLUD HW DO
 VKRZHG &U\$E UHVLVWDQFH LQ WKH O.
nubilalis ZDV QRW DVVRFLDWHG ZLWK GHFUHDVHG VHULQH
SURWHDVH DFWLYLW\ EXW GLG VKRZ GHFUHDVHG OHYHOV RI
ELQGLQJ DW PLGJXW UHFHSWRUV LQ D (XURSH5 VWUDLQ
6LTXHLUD HW DO  7KLV HYLGHQFH VXJJHVWHG
PLGJXW UHFHSWRU ELQGLQJ ZDV D SRWHQWLDO SRLQW RI
UHVLVWDQFHGHYHORSPHQWLQ2QXELODOLV
7KH ZD\ DQDO\VLV RI 2Q$31 2Q%UH DQG
2Q&DG LQ )DP± DQG ± WHVWHG IRU HSLVWDVLV
RU JHQH LQWHUDFWLRQ 7DEOH  7KH ) IDPLO\ ZDV
LQFOXGHG LQ WKH PRGHO DV D UDQGRP HIIHFW EXW
VKRZHG QHJOLJLEOH YDULDQFH EHWZHHQ IDPLOLHV Y  
 DQG VXJJHVWHG PRVW YDULDQFH ZDV
FRQWDLQHG ZLWKLQ IDPLOLHV 7KHVH DQDO\VHV DOVR
VXJJHVW QR VLJQLILFDQW JHQH LQWHUDFWLRQV ZHUH
SUHVHQW RU WKDW QR SDUWLFXODU JHQRW\SH VKRZHG D
FRUUHODWLRQ ZLWK KLJKHU ODUYDO ORJ ZHLJKWV ZKHQ
UHDUHG RQ VXEOHWKDO GRVHV RI &U\$E WR[LQ 3 
 $QDO\VLV VXJJHVWV LQGLYLGXDOO\ RU LQ DQ\
FRPELQDWLRQ WKDW 2Q$31 2Q%UH RU 2Q&DG
PLJKW QRW VKRZ VLJQLILFDQW HIIHFW RQ UHVLVWDQFH
WUDLWVKRZQE\WKH&U\$E5 FRORQ\
Conclusions
7KLV UHVHDUFK GHVFULEHV H[SHULPHQWV WR WHVW
FRUUHODWLRQV EHWZHHQ O. nubilalis &U\$E
UHVLVWDQFH WUDLWV ZLWK VHJUHJDWLRQ RI DOOHOHV DW
FDQGLGDWH UHVLVWDQFH JHQH ORFL DPLQRSHSWLGDVH 1
 $31 EUH 2QE*DO7 DQG FDGKHULQ
6WXGLHV ZLWK SLQN EROOZRUP P. gossypiella
LQGLFDWHG WKUHH FDGKHULQ DOOHOHV U U DQG U
ZHUH FRUUHODWHG ZLWK &U\$F UHVLVWDQFH WUDLWV
0RULQ HW DO  DQG WKH IXQFWLRQ RI FDGKHULQV
DV FDQGLGDWH PLGJXW %W UHFHSWRUV ZDV VKRZQ E\ D
WUDQVSRVRQ LQVHUWLRQPHGLDWHG NQRFNRXW LQ H.
virescens *DKDQ HW DO  7ZR O. nubilalis
&U\$E5 ᨳ é &U\$E6 ᨵ ) SHGLJUHHV
LQGHSHQGHQWO\ VKRZHG D ODFN UHODWLRQVKLS
EHWZHHQ VHJUHJDWLRQ RI 2Q$31 2QE*DO7 RU
FDGKHULQ DOOHOHV DQG IDFWRUV WKDW DIIHFW )
GHYHORSPHQW ODUYDO ZHLJKW LQ &U\$E ELRDVVD\V
$GGLWLRQDOO\  DQG ZD\ UHJUHVVLRQV LQGLFDWHG
WKDW HSLVWDVLV JHQH LQWHUDFWLRQ ZDV QRW LQYROYHG
LQ UHVLVWDQFH WUDLWV VXJJHVWLQJ WKH WUDLWV VKRZQ E\
WKH &U\$E5 FRORQ\ PLJKW QRW EH SRO\JHQLF IRU WKH
JHQHVWHVWHGLQWKHVHH[SHULPHQWV
$GGLWLRQDO H[SHULPHQWV XVLQJ RWKHU FDQGLGDWH
UHVLVWDQFH JHQHV VXFK DV RWKHU DPLQRSHSWLGDVHV
DQG DONDOLQH SKRVSKDWDVH FRORQLHV UHVLVWDQW WR
RWKHU &U\ WR[LQV RU JHQRPLF VFDQV XVLQJ VHYHUDO
JHQHWLF PDUNHUV IROORZHG E\ GHWHFWLRQ RI
FRQWULEXWLQJ TXDQWLWDWLYH WUDLW ORFL 47/ ZLOO EH
UHTXLUHG WR GLVVHFW WKH JHQHWLF FRPSRQHQWV RI O.
nubilalis WR[LQUHVLVWDQFHSKHQRW\SHV
Disclaimer
7KLV DUWLFOH UHSRUWV WKH UHVXOWV RI UHVHDUFK RQO\
0HQWLRQ RI D SURSULHWDU\ SURGXFW GRHV QRW
FRQVWLWXWH DQ HQGRUVHPHQW RU D UHFRPPHQGDWLRQ
E\ 86'$ (3$ RU ,RZD 6WDWH 8QLYHUVLW\ IRU LWV
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([SHULPHQW 6WDWLRQ $PHV ,$ 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)XQGLQJ DOVR ZDV SURYLGHG E\ DQ (QYLURQPHQWDO
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
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